Genetic relationships among two strains of Treponema pallidum (Nichols and KKJ) and a strain of T. pertenue were determined by measuring the degree of deoxyribonucleic acid sequence homology. The results indicated that these three virulent, noncultivable treponemes were genetically indistinguishable. Like T. pallidum (Nichols), T. pertenue (Gauthier) had no detectable deoxyribonucleic acid sequence homology with T. phagedenis (biotype Reiter), T. refringens (biotype Noguchi), or with salmon spern.
Genetic relationships among two strains of Treponema pallidum (Nichols and KKJ) and a strain of T. pertenue were determined by measuring the degree of deoxyribonucleic acid sequence homology. The results indicated that these three virulent, noncultivable treponemes were genetically indistinguishable. Like T. pallidum (Nichols), T. pertenue (Gauthier) had no detectable deoxyribonucleic acid sequence homology with T. phagedenis (biotype Reiter), T. refringens (biotype Noguchi), or with salmon spern.
It is generally accepted that there are three species of treponemes that cause four clinically distinct diseases in humans (2, 9) . Treponema pallidum is the etiological agent of venereal syphilis as well as endemic nonvenereal syphilis (bejel). T. pertenue is the causative agent of yaws and T. carateum that of pinta. Whereas these diseases are clinically distinguishable, the causative agents are morphologically indistinguishable and immunologically related, but not identical (9) . The origin and relationships among these treponemes are obscure. One hypothesis is that one organism causes all four diseases, but that the diseases are clinically distinct due to environmental influences (3) . A second hypothesis is that the human pathogens probably arose from a bacterium harbored by a nonhuman animal and that mutants corresponding to the three presently known organisms arose in succession and were selected for by environmental changes. It has been theorized that the earliest strain was T. carateum which mutated and gave rise to T. pertenue, which in turn gave rise to T. pallidum (2) .
The inability to cultivate the pathogenic treponemes in vitro has precluded the use of the usual biochemical and genetic analyses for determining genetic relationships. Classification of these treponemes has therefore relied largely on morphological and clinical descriptions. We have developed methods to measure DNA sequence homology by DNA-DNA saturation reassociation assays (4, 5) . These were applied to demonstrate genetic relatedness and differences among cultivable treponemes and the noncultivable T. pallidum (6, 7) . We have now applied these techniques to measure the degree of DNA sequence homology among two strains of T. pallidum (Nichols and KKJ) and a strain of T. pertenue (Gauthier). The latter, obtained from the Center for Disease Control, Atlanta, Georgia, after an unknown number of rabbit passages, could be readily differentiated from the strains of T. pallidum. It produced treponeme-containing lesions after intracutaneous inoculation in the groins of Syrian hamsters, whereas the strains of T. pallidum produced no infection after similar inoculation into hamsters (data not shown).
In These assays require the use of radiolabeled probe DNAs of specific activity greater than 106 cpm/,ig. To achieve this high specific activity with noncultivable organisms, we used a procedure which we previously described for introducing 125I into purified DNA (4, 6) . Treponemal DNAs with specific activities greater than 107 cpm/,u&g were used. Earlier studies (4, 5) It should be noted that the limit of resolution with the treponemal DNA preparations used here is 2% of the entire genome or 1.8 x 108 daltons, which is enough DNA to code for approximately 180 proteins. In addition, the data should not necessarily be interpreted to mean that the same biochemical functions are expressed in the three pathogenic treponemes, but only that the three pathogenic treponemes have the same biochemical potentials.
There appears to be little or no genetic drift among the pathogenic treponemes investigated. We have previously shown that nonpathogenic cultivable treponemes of human origin exhibit about 10% nonhomology among strains within the same species (6) and that pathogenic cultivable treponemes of swine origin also exhibit up to 10% nonhomology (7). Whether or not the lack of genetic drift is related to the pathogenicity of the human treponemes is unknown. It also appears that continuous passage of T. pallidum in rabbits has not given rise to detectable changes in DNA sequence since T. pallidum (Nichols) has been continuously passaged in rabbit testes for more than 65 years, whereas T. pallidum (KKJ) has only undergone eight passages.
The procedures utilized here, involving the introduction of 125I into purified DNA, have now been applied to genetic analyses of viruses (4, 5) and cultivable and noncultivable treponemes (6, 7) and should be applicable to the analysis of the genetic relationships between any organisms from which microgram quantities of DNA can be obtained.
